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Power Control for a Transmitter 

FIELD OF THE INVENTION 

5 The invention relates to a transmitter comprising a 
modulator which provides a phase-modulated constant - 
envelope radio- frequency signal, for instance an envelope 
elimination and restoration (EER) transmitter. The 
invention relates equally to a method for realizing a 
10 power control for such a transmitter. 

BACKGROUND OF THE INVENTION 

In order to enable a transmission of phase and amplitude 
15 information of a signal via the radio interface, the 

signal first has to be converted into a radio- frequency 
signal comprising the original phase and amplitude 
information. For such a conversion, EER transmitters 
offer a better efficiency than traditional IQ-modulator 
20 architectures, which makes EER transmitters of particular 
interest for mobile devices. The better efficiency is 
achieved especially for linearly modulated signals for 
which the peak- to- average ratio (PAR) can be quite high. 

25 In an EER transmitter, first the envelope of the signal 
that is to be transmitted is eliminated. The resulting 
constant -amplitude phase modulated signal can then be 
amplified efficiently using very non-linear power 
amplifiers, such as class-E switching mode power 

30 amplifiers. An amplitude modulation of the power 

amplifier can be used to restore the envelope and thus 
the amplitude information of the original signal. In 
practice, this should take place by controlling the 
supply voltage of the power amplifier in order to 
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preserve its good efficiency. Linear power amplifiers 
often cannot be modulated in this way, since small 
changes in their supply voltage do not affect the output 
signal amplitude. 

5 

In most applications, it is required in addition that the 
average power of the signals output by the transmitter be 
controlled. 

10 Due to the use of very non-linear power amplifiers, the 
conventional approach for realizing a power control 
cannot be used for EER transmitters. In a conventional 
power control, the power of signals which are input to a 
power amplifier is adjusted, e.g. by means of a variable 

15 gain amplifier, and the adjustment appears 

correspondingly at the output of the power amplifier. The 
output power of very non-linear power amplifiers, as 
employed in EER transmitters, however, is not affected by 
a change of the input power. 

20 

Figure 1 is a block diagram illustrating schematically a 
known approach for controlling the output power in an EER 
transmitter . 

25 The block diagram comprises a modulator 101, which is 

connected to a highly efficient but very non- linear power 
amplifier 104. In addition, a battery 111 and a control 
signal generator 112 are connected to a highly efficient 
switching mode power supply (SMPS) 113. Instead of the 

30 SMPS 113, also a less efficient linear regulator could be 
used. The output of the SMPS 113 is connected to a supply 
voltage input of the power amplifier 104. 
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The modulator 101 provides a radio- frequency signal, 
which constitutes the phase-modulated part of the desired 
output signal, for amplification by the power amplifier 
104. The control signal generator 112 provides the SMPS 
5 113 at the same time with a control signal which 

represents a combination of desired amplitude modulation 
of the output signal and the currently desired power 
level of the output signal. The SMPS 113 regulates a 
voltage received from the battery 111 according to the 

10 received control signal and provides the resulting 
voltage to the supply voltage input of the power 
amplifier 104. The signal provided by the modulator 101 
is then amplified by the power amplifier 104 with an 
amplification factor depending on the current voltage 

15 supply. The output of the power amplifier 104 constitutes 
at the same time the output 'Out 1 of the EER transmitter. 

Thus, the required dynamic range for the amplification 
has to cover both the desired amplitude variation and the 

20 average power level variation. The dynamic range that can 
be achieved by the SMPS and by the power amplifier, 
however, is restricted by some lower limit. The lower 
limit for the power amplifier results from a leakage of 
the input signal through the power amplifier transistor 

25 due to its parasitic capacitances . 

In US patent 6,323,731, it is proposed to employ a 
dynamic bias control for the power amplifier, in order to 
widen the output power range compared to the approach of 
30 figure 1. Nevertheless, the achieved range is still 
limited. 
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SUMMARY OF THE INVENTION 

It is an object of the invention to enable an improved 
power control for transmitters. It is in particular an 
5 object of the invention to enable an improved power 
control for transmitters comprising a modulator which 
provides a phase-modulated constant -envelope radio- 
frequency signal, like an EER transmitter. 

10 A transmitter is proposed, which comprises a modulator 
providing a phase -modulated constant -envelope radio- 
frequency signal and a dividing unit dividing a signal 
provided by the modulator into a first signal and a 
second signal which are identical to each other. The 

15 proposed transmitter further comprises a first processing 
branch for processing a respective first signal provided 
by the dividing unit. The first processing branch 
includes a first phase shifter and a first power 
amplifier connected to each other in series. The proposed 

20 transmitter further comprises a second processing branch 
for processing a respective second signal provided by the 
dividing unit. The second processing branch includes a 
second phase shifter and a second power amplifier 
connected to each other in series . The proposed 

25 transmitter further comprises a combining unit combining 
signals provided by said first and said second processing 
branch. The proposed transmitter further comprises a 
first control arrangement for controlling the power of a 
signal output by the combining unit at least for higher 

30 power levels by controlling the amplifications applied by 
the first power amplifier and by the second power 
amplifier to a respectively received signal. The proposed 
transmitter further comprises a second control 
arrangement for controlling the power of a signal output 
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by the combining unit at least for lower power levels by 
controlling the phase shifts applied by the first phase 
shifter and by the second phase shifter to a respectively 
received signal . 

5 

Moreover, a method of controlling the power level of a 
signal output by a transmitter is proposed. The proposed 
method comprises in a first step dividing a provided 
phase-modulated constant -envelope radio- frequency signal 

10 into a first signal and a second signal which are 

identical to each other. The proposed method further 
comprises controlling the power level of an output signal 
of the transmitter at least in case of higher required 
power levels by controlling amplifications applied 

15 separately to the first signal and to the second signal. 
The proposed method further comprises controlling the 
power level of an output signal of the transmitter at 
least in case of lower required power levels by 
controlling phase shifts applied separately to the first 

20 signal and to the second signal. Finally, the proposed 

method comprises combining the processed first signal and 
the processed second signal and providing the combined 
signal as power controlled output signal. 

25 The invention proceeds from the consideration that if a 
signal is split up into two signals and then combined 
again, the power of the combined signal can be controlled 
as well by controlling the phase of the two split up 
signals as by controlling the amplitude of the two split 

30 up signals. Since for some power amplifiers, the dynamic 
range in which the amplitude of a radio frequency signal 
can be adjusted linearly through a power amplifier supply 
voltage is limited, it is therefore proposed that the 
power control is realized only at high power levels by 
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adjusting the amplitude of the split up signals. At lower 
power levels, the power control is realized by adjusting 
the phase of the split up signals. Controlling the phase 
causes part of the radio frequency power to turn into 
5 heat in the combining unit. Therefore, it is not 
recommendable to use exclusively a power control 
adjusting the phase of a split up signal. 

It is an advantage of the invention that it enables a 
10 linear power control over a larger range, which is also 
efficient at the critical high power levels. 

The proposed adjustment of the amplitude and/or the phase 
of the split up signals can be used at the same time for 
15 applying a desired amplitude modulation to the phase- 
modulated constant -envelope radio- frequency signal. 

The proposed transmitter can be in particular, though not 
exclusively, an EER transmitter. It could also be a 
20 transmitter, for example, which transmits signals that 
are only phase modulated. 

Other objects and features of the present invention will 
become apparent from the following detailed description 

25 considered in conjunction with the accompanying drawings. 
It is to be understood, however, that the drawings are 
designed solely for purposes of illustration and not as a 
definition of the limits of the invention, for which 
reference should be made to the appended claims. It 

30 should be further understood that the drawings are merely 
intended to conceptually illustrate the structures and 
procedures described herein. 
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BRIEF DESCRIPTION OF THE FIGURES 

Fig. 1 is a block diagram illustrating a known power 

control for an EER transmitter; 
Fig. 2 is a block diagram illustrating a first 

embodiment of a power control according to the 
invention; 

Fig. 3 is a diagram presenting the effect of a possible 
amplitude error in the power control illustrated 
in figure 2; 

Fig. 4 is a block diagram illustrating a second 

embodiment of a power control according to the 
invention; and 
Fig. 5 is a block diagram illustrating a third 

embodiment of a power control according to the 
invention . 

DETAILED DESCRIPTION OF THE INVENTION 

20 Figure 1 has already been described above. 

Figure 2 is a block diagram presenting selected 
components of a first embodiment of an EER transmitter 
according to the invention. The presented components 
25 enable an efficient power control for the EER transmitter 
over a large power range. The EER transmitter may be used 
for instance in a mobile device. 

The EER transmitter of figure 2 comprises a modulator 
30 201, the output of which is connected to the input of a 
power divider 202. A first output of the power divider 
202 is connected via a first phase shifter 203 to a 
signal input of a first E-class power amplifier 204. A 
second output of the power divider 2 02 is connected via a 
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second phase shifter 20 5 to a signal input of a second E- 
class power amplifier 206. The output of both power 
amplifiers 204, 206 is connected to a respective input of 
a power combiner 2 07, e.g. a Wilkinson power combiner. 
5 The output of the power combiner 2 07 constitutes at the 
same time the output 1 Out 1 of the EER transmitter. 

The EER transmitter of figure 2 comprises in addition a 
battery 211 and a control signal generator 212, which are 
10 both connected to a respective input of an SMPS 213. The 
output of the SMPS 213 is connected to a respective power 
supply input of both power amplifiers 204, 206. 

The EER transmitter of figure 2 moreover comprises a 
15 second control signal generator 222, which is connected 
to an input of a voltage-to-phase converter 231. The 
output of the voltage-to-phase converter 231 is connected 
on the one hand to a control input of the first phase 
shifter 203. On the other hand, the output of the 
20 voltage-to-phase converter 231 is connected via an 
inverter 232 to a control input of the second phase 
shifter 205 

The power control employed for the EER transmitter of 
25 figure 2 makes use of the fact that when two sinusoidal 
signals are combined to form a new signal, amplitude A 
and phase <p of the combined signal can be determined as a 
function of the amplitudes A lf A 2 and phases <p lt q> 2 of the 
input signals. That is, if the combined signal is written 
30 as the sum of the two sinusoidal signals: 

Acosf^yt + ^J = A x <zos(c0t: + <p x ) + A 2 cos(G>t + <p 2 ) , (1) 
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where a>-2nf represents the angular center frequency of 
the three signals, the amplitude A of the combined signal 
is given by: 

5 A = y Al + A\ + 2A 1 A 2 cos(<p 1 -<p 2 ) ( 2 ) 

and the phase <p of the combined signal is given by: 

[_ i^cosf + A 2 cosf 9? 2 ;_ 

10 

As can be seen, the maximum amplitude of the combined 
signal A = A x + A 2 is achieved with <p l -<p 2 =0 . That is, by 
suitably combining two in-phase sinusoidal carriers, the 
total power of the combined signal is equal to the sum of 
15 the powers of the two input signals. 

On the other hand, the minimum amplitude of the combined 
signal 4 = 14—^1 is achieved with <p x -(p 2 =7z . That is, if 

two sinusoidal carriers having opposite phases are 
20 combined, the total power of the combined signal is equal 
to the difference of the input powers. In order to enable 
an combined signal having an amplitude A of zero, the 
input signal amplitudes A lf A 2 should thus be equal. 
Moreover, by requiring that <p 2 --(p x constantly, it can be 
25 ensured that the phase <p of the combined signal will not 
be affected when controlling the amplitude A of the 
combined signal by an adjustment of the phases <p lt <p 2 of 
the input signals , i.e. ( q> = 0 ) . 
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The operation of the presented structure will be 
described in the following. 

First, an amplitude signal and a phase modulated radio 
5 frequency signal are generated, which can be realized in 
various ways. For instance, an original complex baseband 
signal can be divided into its amplitude and phase 
counterparts. The latter modulates a phase modulator 201 
generating a constant-amplitude phase -modulated radio 
10 frequency signal. Another possibility would be to 

eliminate the envelope of the original radio frequency- 
signal to obtain a constant -amplitude phase modulated 
signal. The constant-amplitude phase modulated signal is 
then provided to the power divider 2 02. 

15 

The power divider 2 02 divides the received phase 
modulated radio frequency signal into two identical radio 
frequency signals. The first radio frequency signal is 
phase shifted by the first phase shifter 2 03 and 
20 amplified by the first power amplifier 204. The second 
signal is phase shifted by the second phase shifter 2 05 
and amplified by the second power amplifier 206. 

At the same time, a signal representing the envelope 
25 which is eliminated from the original signal is provided 
to the control signal generator 212. Further, a power 
control signal representing the currently desired average 
power of the signal output by the transmitter is provided 
to the control signal generator 212. If the desired 
30 average output power level is a high power level, the 

control signal generator 212 combines the envelope signal 
with the power control signal to a single control voltage 
Vc- This control voltage V c represents an arbitrary value 
in the range of 0...1 . The value 0 represents a certain 
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control only, and widens thereby the output power range 
in the direction of low power levels. At low power 
levels, thus a shared control by the first and the second 
control signal generator 212, 222 is provided, as the 
5 control of the average power is transferred from the 
control unit 212 to the control unit 222 at the 
intermediate power level . 

Other combinations of a control of the power amplifiers 
10 204, 206 and the phase shifters 203, 205 are possible as 
well. For example, in theory, it would be possible to use 
the second control signal generator 222 also for the 
amplitude generation at lower power levels. 

15 Whenever the control voltage V c is provided by the first 
control signal generator 212 to the SMPS 213, the SMPS 
213 regulates a voltage supplied by the battery 211 
according the received control voltage V c . The regulated 
voltage is then provided as supply voltage to the 

20 respective power supply input of both power amplifiers 
204, 206. Both power amplifiers 204, 206 amplify the 
respectively received signal with a factor which depends 
on the provided supply voltage. The control voltage V c is 
generated such that the resulting power of the signals 

25 which are amplified by the power amplifiers 204, 206 is 
half of the power desired for the output signal of the 
EER transmitter. Whenever a minimum average control 
voltage V c is provided to the SMPS 213, a corresponding 
minimum supply voltage is provided to the power 

30 amplifiers 204, 206, which thus output a minimum radio 
frequency signal when not utilizing the second control 
signal generator 222. The battery voltage variations 
should not affect the SMPS output value. In the basic 
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case, the SMPS output value follows directly the control 
voltage, but other relationships are possible as well. 

Whenever a control voltage V c is provided by the second 
5 control signal generator 222 to the voltage-to-phase 
converter 231, the voltage-to-phase converter 231 
converts the received control voltage V c into a 
corresponding phase control signal V P . For this 
conversion, it is assumed that the power level at the 
10 output 'Out 1 of the EER transmitter in decibel should 
follow the control voltage V c linearly. Therefore, the 
control voltage V c is converted into a phase control 
signal V P according to the following equation: 

15 V p =arccosjlO Wvi)1 j f (4) 

where k represents the desired slope of the output power 
as a function of control voltage V c - 

20 The obtained phase control signal V P is then supplied 

directly to the control input of the first phase shifter 
203. In addition, the obtained phase control signal V P is 
inverted by the inverter 232, and the inverted phase 
control signal is supplied to the control input of the 

25 second phase shifter 205. The purpose of the inverter 232 
is to emphasize that the phases of two phase shifters 203 
and 205 should be tuned symmetrically in opposite 
directions. Each of the phase shifters 203, 205 applies 
to the signal received from the power divider 2 02 a phase 

30 shift which corresponds to the control signal applied to 
its respective control input. 
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Whenever no control voltage V c is provided to the voltage- 
to-phase converter 231 , no control signal is provided to 
the respective control input of the phase shifters 203, 
205 , which thus output the received signals without 
5 applying any phase shift. Actually, in this case there 
should be an equal phase shift <p 0 in both phase shifters 
203, 205. It cancels out when calculating the phase 
difference . 

10 The output 'Outl 1 , , Out2 i of the first and the second 
amplifier 204, 206 are then combined by the power 
combiner 2 07. 

In case a control voltage V c has been provided to the SMPS 
15 213 and not to the voltage-to-phase converter 231, no 
phase shift has been applied by the phase shifters 203, 
205 to the signals provided by the power divider 202. 
Thus, the phase of the two signals 'Outl 1 , l Out2 l 
provided to the power combiner 2 07 is equal, and 
20 according to above equation (2) , the amplitude of the 
signal output by the power combiner 207 has a power A 2 

which is equal to the sum of the powers A^ and A* , 
respectively, of the two signals f Outl 1 , c Out2 ' . An 
impedance level of 1 has been assumed here. 

25 

In case a control voltage V c has been provided to the 
voltage-to-phase converter 231 and at least a minimum 
control voltage has been provided to the SMPS 213, the 
phases <p lt <p 2 of the signals input to the phase shifters 
30 203, 205 have been tuned in opposite directions. This 

ensures that the power of the signal output by the power 
combiner 2 07 is controlled exclusively by the value of 
the respective phase shift according to above equation 
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(2). In the current embodiment, the control voltage V c 
applied by the first control voltage generator 212 at low 
power levels to the SMPS 213 shapes only the envelope of 
the output signal of the EER transmitter. 

5 

The combined signal thus constitutes a radio frequency- 
output signal, which is modulated in phase and amplitude 
according to the original signal . 

10 By using different approaches for a power control 

depending on the current power level of the output signal 
of the EER transmitter, the presented structure enables 
an efficient power control over a large range. 

15 If utmost linearity is desired for the power control, it 
is also possible to accomplish both enabled power 
controls simultaneously. At high power levels, however, 
the efficiency of the power control will be better when 
performing the power control only by adjusting the 

20 amplification factor used by the power amplifiers 204, 
206. 

The insertion loss of the power combiner 207 decreases 
the total efficiency of the EER transmitter, but the two 
25 power amplifiers 204, 206 can operate at higher impedance 
levels than a single amplifier. This makes the impedance 
matching easier and may help to reduce the losses due to 
the matching network. 

30 Small variations of the phase shifter output levels are 
not relevant, if the power amplifiers 204, 206 are 
saturated, which is for example the case with the 
employed class-E power amplifiers. This helps in the 
practical design of the phase shifters 203, 205. 
Express Mail Label No. EV 252882712 US 
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It is to be noted, however, that in case the amplitudes 
of the signals provided to the power combiner 207 are 
different, the lowest available output power is 
5 restricted as mentioned above with reference to equation 
(2) . For an amplitude error of 1 dB and a slope of Jc=3, 
the resulting power in dBm is depicted in figure 3 as a 
first curve 301. A second curve 302 represents an 
errorless situation. The situation is similar, if the 
10 signals provided to the power combiner 2 07 have a 
difference in their phase shifts. 

Figures 4 and 5 are block diagrams presenting selected 
components of a second and a third embodiment of an EER 
15 transmitter according to the invention, respectively, 

which additionally take care of such errors in amplitude 
and phase . 

Like the EER transmitter of figure 2, the EER transmitter 
20 of figure 4 comprises a modulator 401, a power divider 
402, a first phase shifter 403, a first E-class power 
amplifier 404, a second phase shifter 405, a second E- 
class power amplifier 406 and a power combiner 407. These 
components are also arranged in the same way as the 
25 corresponding components of figure 2. 

The EER transmitter of figure 4 moreover again comprises 
a battery 411 and a first control signal generator 412, 
which are both connected to a respective input of an SMPS 
30 413. Here, the output of the SMPS 413 is only connected 
to the control input of the first power amplifier 404, 
though. The EER transmitter of figure 4 additionally 
comprises a first voltage generator 414. The voltage 
generator 414 is connected to a first input of a first 
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summing unit 415, while the output of the first control 
signal generator 412 is also connected to a second input 
of this summing unit 415. The output of the summing unit 
415 is connected to an input of a second SMPS 416. The 
5 battery 411 is also connected to a second input of this 
second SMPS 416. The output of the second SMPS 416 is 
connected to the supply voltage input of the second power 
amplifier 406. 

10 The EER transmitter of figure 4 further again comprises a 
second control signal generator 422, which is connected 
to an input of a voltage-to-phase converter 431. The 
output of the voltage-to-phase converter 431 is connected 
on the one hand again to the control input of the first 

15 phase shifter 403. On the other hand, the output of the 
voltage-to-phase converter 431 is connected via an 
inverter 432 to a first input of a second summing unit 
433. The EER transmitter of figure 4 additionally 
comprises a second voltage generator 434 which is 

20 connected to a second input of the summing unit 433. The 
output of the summing unit 43 3 is connected to the 
control input of the second phase shifter 405. 

The EER transmitter of figure 4 is operated basically 
25 just like the EER transmitter of figure 2 as described 
above . 

The voltage generators 414, 434, however, are used for 
adding a suitable constant voltage value ACorr, PhaCorr 
30 to the amplitude and the phase control, in order to 
compensate errors in phase and amplitude. 

The single power supply of figure 2 was divided to this 
end into two separated power supplies, one for each 
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switching mode power amplifier 404, 406. While the power 
supply for the first power amplifier 404 is identical as 
in the first embodiment, the power supply for the second 
power amplifier 406 is regulated according to a control 
voltage V c which is adjusted by a correction voltage 
ACorr. This makes it possible to tune the amplifiers 404, 
406 independently from each other and, consequently, to 
correct the amplitude error. Similarly, the first phase 
shifter 403 is controlled just like in the first 
embodiment, while the summing unit 433 allows adjustment 
of the phase control signal V P provided by the voltage-to- 
phase converter 431 and inverted by the inverter 4 32 by a 
correction voltage PhaCorr, before it is supplied to the 
control input of the second phase shifter 405. This makes 
it possible to control the phase shifts applied by the 
phase shifters 403, 405 independently from each other 
and, consequently, to correct the phase error. 

A suitable calibration procedure can be used to set the 
20 amplitude and phase error compensation voltages ACorr, 
PhaCorr provided by the voltage generators 414, 434 to 
appropriate levels . 

The EER transmitter presented in figure 5 can be employed 
25 in case a continuous tuning of the amplitude and phase 

error compensation voltages is desired instead of a fixed 
error correction . 

Just like the EER transmitter of figure 4, also the EER 
30 transmitter of figure 5 comprises a modulator 501, a 

power divider 502, a first phase shifter 503, a first E- 
class power amplifier 504, a second phase shifter 505, a 
second E-class power amplifier 506, a power combiner 507, 
a battery 511, a first control signal generator 512, a 
Express Mail Label No. EV 252882712 US 
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first and a second SMPS 513, 516, a first summing unit 
515, a second control signal generator 522, a voltage-to- 
phase converter 531, an inverter 532 and a second summing 
unit 533. These components are all arranged exactly in 
5 the same way as the corresponding components of figure 4 . 

Instead of the first and second voltage generator 414, 
434 of figure 4, however, a respective feedback circuit 
is provided for correcting amplitude and phase errors. 

For the amplitude correcting feedback circuit, the output 
of the first power amplifier 504 is connected via a first 
rectifier 517 to a non-inverting input of a subtractor 
518, while the output of the second power amplifier 506 
is connected via a second rectifier 519 to an inverting 
input of the subtractor 518. Since the signals output by 
the rectifiers 517 and 519 represent the current 
amplitudes of the signals 'Outl 1 , 0ut2 1 provided to the 
power combiner 507, the signal output by the subtractor 
518 represents the current difference in amplitude 
between the signals 'Outl 1 , Out2 1 . The output of the 
subtractor 518 is provided via a low pass filter 52 0 to 
the first input of the first summing unit 515. The 
amplitude correction signal input to the first summing 
unit 515 thus corresponds always to the current amplitude 
error . 

For the phase correcting feedback circuit, the output of 
the first power amplifier 504 is connected via a first 
30 limiter 535 to a first input of a first mixer 536, while 
the output of the second power amplifier 506 is connected 
via a second limiter 537 to a first input of a second 
mixer 538. In addition, the output of the modulator 501 
is connected to a respective second input of the first 
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and the second mixer 536, 538. The output of the first 
mixer 536, which represents a voltage 1 Phal 1 related to 
an absolute phase shift of the signal f Outl 1 versus the 
signal provided by the modulator 501, is connected to a 
5 non-inverting input of a second subtractor 539. The 
output of the second mixer 538, which represents a 
voltage 1 Pha2 1 related to the absolute phase shift of the 
signal ! 0ut2 , versus the signal provided by the modulator 
501, is connected to an inverting input of this 

10 subtractor 539. The difference between the two voltages 
•Phal 1 and 1 Pha2 1 output by the subtractor 53 9 is 
provided via a second low pass filter 54 0 to the second 
input of the second summing unit 533 . The phase 
correction signal input to the second summing unit 533 

15 thus corresponds always the current phase error. The 
voltages 1 Phal 1 and 1 Pha2 1 do not have to be linearly 
related to the phases, as long as the zero voltage 
difference corresponds to the zero phase difference and 
the relationship is monotonous. 

20 

It is to be noted that limiters can only be used in the 
phase correcting feedback circuit prior to the phase 
detection, not in the amplitude correcting feedback 
circuit, lest the power level information will be lost. 

25 

The bandwidth of the two feedback loops can be narrow 
with respect to the modulation, since it is sufficient to 
tune the corrective voltages according to the mean power. 

30 While there have shown and described and pointed out 

fundamental novel features of the invention as applied to 
a preferred embodiment thereof, it will be understood 
that various omissions and substitutions and changes in 
the form and details of the devices and methods described 
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may be made by those skilled in the art without departing 
from the spirit of the invention. For example, it is 
expressly intended that all combinations of those 
elements and/or method steps which perform substantially 
5 the same function in substantially the same way to 
achieve the same results are within the scope of the 
invention. Moreover, it should be recognized that 
structures and/or elements and/or method steps shown 
and/or described in connection with any disclosed form or 
10 embodiment of the invention may be incorporated in any 
other disclosed or described or suggested form or 
embodiment as a general matter of design choice. It is 
the intention, therefore, to be limited only as indicated 
by the scope of the claims appended hereto. 
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